Several lines of evidence implicate the Cytotoxic T Lymphocyte Antigen 4 (CTLA4) gene in susceptibility to autoimmune disease. We have examined the association of systemic lupus erythematosus (SLE) with polymorhisms within the CTLA4 gene that were previously proposed to regulate CTLA-4 function: a single nucleotide polymorphism (SNP) in position þ 49 of exon 1 and a dinucleotide repeat in the 3 0 untranslated region (3'UTR). The 3 0 UTR repeat showed a significant association with SLE, with one allele conferring susceptibility and another conferring protection to the disease. The associated alleles do not support previous suggestions of an allele size-dependent effect of the 3' UTR polymorphism in autoimmunity development and instead suggest that it is in linkage disequilibrium with a true causative locus. No association of the exon 1 SNP with SLE was found in our population. Given the conflicting results obtained in different studies on the association of SLE with this polymorphism, we performed a meta-analysis including seven previously published studies and the present one. Significantly increased and decreased risks for SLE were found for carriers of the G allele and the A allele, respectively. The functional characterization of disease-associated CTLA4 gene variants is now required to elucidate their role in the pathogenesis of SLE and other autoimmune diseases.
Introduction
Systemic lupus erythematosus (SLE) is a complex autoimmune disease of unknown etiology characterized by immunoglobulin G (IgG) autoantibody production against nuclear, cytoplasmic and cell-surface autoantigens. 1 Twin and family studies provided evidence for the involvement of genetic factors, showing an increased concordance among monozygotic twins relative to dizygotic twins and a high degree of familial clustering of SLE. 2 With the objective of identifying genes involved in SLE, multiple genome-wide scans and candidate gene studies have been performed. However, until now the genetic basis of SLE has not been elucidated, likely reflecting genetic heterogeneity and the complex nature of this disorder. The gene region 2q33 has been identified as a susceptibility region for SLE in genome-wide scans, and is of particular interest because it harbors the genes encoding the CTLA4 and CD28 cell surface receptors expressed by T cells. 3, 4 Inappropriate T-cell-dependent expansion of autoreactive B and T cells is thought to play an important role in SLE pathogenesis. For T-cell activation CD4 þ T cells recognize antigen-presenting cells by the antigen bound to MHC class II molecules, but antigen recognition alone is not sufficient and costimulation by other receptor -ligand complexes is required. The main costimulatory molecules involved in this system are the CD28 and CTLA4 receptors and their ligands B7-1 (CD80) and B7-2 (CD86). CD28 is constitutively expressed on T cells and acts as a positive costimulator of T-cell activation. On the other hand, CTLA4 is only expressed on activated cells, and acts as a negative feedback regulator of T-cell activation by inhibiting IL2 transcription and cell cycle progression. 5 Furthermore, it has been suggested that CTLA4 may play a role in the control of CD4 þ CD25 þ regulatory T cells, which have been shown to downmodulate immune responses. 6, 7 CTLA4 polymorphisms have been found to be associated with several autoimmune disorders, namely type I diabetes, autoimmune thyroid disease, celiac disease, Grave's disease, rheumatoid arthritis and multiple sclerosis. 8 A number of studies have tested the association of CTLA4 exon 1 and promoter polymorphic markers with SLE, but report conflicting results. 9 -15 With the objective of further investigating the role of CTLA4 in the pathogenesis of SLE, we genotyped two polymorphic markers within the CTLA4 gene for which a genotypedependent modulation of CTLA4 expression and function have been proposed: a SNP involving an A to G transition at position þ 49 exon 1 and a microsatelite in the 3 0 UTR. While the A4G SNP at position þ 49 in exon 1 leads to a Thr to Ala change in amino-acid 17, leading to a less effective export of CTLA4 to the membrane, 16 and an enhanced T-cell proliferative response has been found in healthy donors homozygous for the G allele, 17 the length of the 3'UTR dinucleotide repeat has been proposed to influence CTLA4 mRNA stability and turnover. 18 -20 Either polymorphism may therefore be of significance for the regulation of immune response and autoimmune pathology. A case -control association study was conducted to test the involvement of these variants in SLE. While only one previous study tested the association of the 3'UTR marker with SLE, we found seven reports where the role of the exon 1 SNP marker in SLE was assessed, with contradictory results. To draw a firmer conclusion on the involvement of the exon 1 polymorphism in SLE pathogenesis, using the information gathered in the previous studies and our own, we conducted a meta-analysis. This method is frequently used to synthesize inconsistent results obtained in genetic studies of complex disorders, since it is likely that, because multiple genes are involved, the effects of individual loci will be relatively small and may go undetected. The increase in power inherent to the pooling of samples in a meta-analysis allows the combination of weak signals in individual studies into stronger evidence of a genetic effect for a particular trait. Greater accuracy in the estimation of a quantitative risk can therefore be achieved with this method, while taking into account the variability among studies. 21 
Materials and methods

SLE patients
A total of 125 SLE patients (11 males, 114 females) and 185 healthy controls were recruited from mainland Portugal. Informed consent was obtained from all participants in the study. All patients met the revised 1997 American College of Rheumatology criteria for SLE. 22 Samples and genotyping Genomic DNA was isolated from peripheral blood mononuclear cells by standard methods. The CTLA4 þ 49 exon 1 SNP was genotyped by PCR amplification followed by restriction enzyme analysis. The PCR reaction was performed in a total volume of 25 ml using 25 ng of genomic DNA, 3.0 mM MgCl 2 (Promega), 2.5 ml 10Â PCR buffer (Promega), 10 pmol dNTPs (Promega) and 10 pmol of each of the primers (Forward primer: 5 0 CTGCTGAAACAAAT-GAAACCC 3 0 and reverse primer: 5 0 AAGGCTCAGCT-GAACCTGGT 3 0 ). Optimal PCR conditions consisted of an initial 951C denaturation for 5 min followed by 30 cycles of denaturation at 951C for 30 s, annealing at 581C for 30 s and elongation at 721C for 30 s. The PCR products (152 bp) were subjected to BstEII (Roche) restriction with 1 U of enzyme for 5 h at 601C in order to identify the base present in the position þ 49 of CTLA4 exon 1. The DNA fragments obtained were analyzed in a 3% agarose gel. The digested A allele yielded fragments of 130 and a 22 bp but the G allele fragment remained intact. The CTLA4 microsatelite marker on the 3 0 UTR was genotyped using the Applied Biosystems fluorescence based 377 DNA automated sequencer. The PCR reaction was performed in a total volume of 25 ml using 25 ng of genomic DNA, 3.0 mM MgCl 2 (Promega), 2.5 ml 10Â PCR buffer (Promega), 10 pmol dNTPs (Promega), 10 pmol of each primer (labeled forward primer: Hex 5 0 GCCAGTGATGCTTAAAGGTTG 3 0 and reverse primer: 5 0 AACATACGTGGCTCTATGCA 3 0 ). PCR amplification was performed as described before. Semiautomated fragment sizing was performed using GENESCAN s 3.1 software.
Statistical analysis
Distributions of alleles among patients and controls were assessed by direct counting and compared by w 2 test on contingency tables and odds ratio (OR). Values of Po0.05 were regarded as significant. Meta-analysis was performed according to the Mantel -Haenszel method. 23 Haplotypes were estimated by use of the PHASE software. 24 Linkage disequilibrium (LD) between the two polymorphic markers was quantified as D' using the HAPLOXT programe implemented in the GOLD software.
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Results
The results obtained in the case -control association study of the CTLA4 3 0 UTR microsatelite marker with SLE, involving a total of 125 SLE patients and 185 healthy controls, are presented in Table 1 . A total of 21 alleles and 46 different genotypes were found for this marker, many of which are very rare. Those with a frequency lower than 1% were grouped for the analysis. A significant overall association of the CTLA4 3 0 UTR microsatelite marker with SLE was found (w 2 CI ¼ 0.050 -0.39). In this matched sample, we find that allele 104 and genotype 88/104 are more frequent among patients, although the difference in frequencies among patients and controls is not significant, likely due to loss of power given the much lower number of controls used in this analysis (Table 1) . Allele and genotype distributions of the þ 49 exon 1 SNP did not differ significantly between patients and healthy control subjects (Table 1) , even after matching the population for sex (data not shown). These results corroborate four previous reports of no association of this SNP with SLE, 9 -12 although three other studies did find evidence for association. 13 -15 Given the conflicting results obtained in these case -control studies that have examined the association between SLE and the CTLA4 exon 1 SNP, and because this polymorphism is thought to regulate the levels of membrane-bound CTLA4, we have performed a metaanalysis to clarify the involvement of this SNP in the etiology of SLE. Results from the seven previous studies and the present one, involving 821 patients and 1329 control subjects, were included in this meta-analysis. We have found evidence for the involvement of CTLA4 exon 1 SNP in the etiology of SLE (Table 2) . Under a fixed effects model, which assumes that all studies come from a common population with the same effect size and therefore the only source of between-study variation is random error, the OR for SLE in carriers of the G allele compared with carriers of the A allele was 1. Table 2 ). The effect found employing this model is slightly less pronounced, reflecting some degree of heterogeneity among studies.
To analyze the distribution of haplotypes of the exon 1 SNP and 3 0 UTR microsatelite markers in our sample of patients and controls, haplotypes were inferred using the PHASE program 24 and are described in 
Discussion
Given its role in the activation of T cells and in immune tolerance, CTLA4 has long been implicated in autoimmune disease. 26, 27 In this study, we have focused on two polymorphisms within the CTLA4 gene that were hypothesized to influence directly the levels of functional CTLA4 and therefore more likely to play a direct role in immune response modulation defects in autoimmune disorders.
In the present analysis, we obtained suggestive evidence for the involvement of the CTLA4 gene in the pathogenesis of SLE in a Portuguese population. The association found with the microsatelite 3 0 UTR marker corroborates a CTLA4 gene variants in lupus M Barreto et al previous study in a Japanese population sample, 13 and provides further evidence for an association of CTLA4 gene variants in SLE. The location of this polymorphism in the 3 0 UTR has suggested that it may be important for the control of nuclear export, polyadenylation status, subcellular targeting and rates of translation and degradation of mRNA, by regulating binding of proteins involved in mRNA turnover. 18, 19 Lowe et al 20 have suggested that the length of the dinucleotide repeat at the CTLA4 3 0 UTR directly influences CTLA4 expression and function, and provided circumstantial evidence for this hypothesis by showing that the odds of type I diabetes for subjects with longer alleles was higher than for subjects with shorter alleles. The present results, however, do not support a functional role of this polymorphism. Unlike Lowe et al, 20 we have not found any correlation between the length of the CTLA4 (AT) n alleles and SLE, and neither have Ahmed et al. 13 Furthermore, the 2 bp difference found between the protective allele (106 bp) and the susceptibility allele (104 bp) strongly argues against an allele size-dependent effect of the 3 0 UTR polymorphism on CTLA4 expression. The 3 0 UTR alleles found to increase or decrease risk in our population and in the Japanese population are also not the same. Taken together, these observations suggest the occurrence of allelic heterogeneity between populations, indicating that the associated locus is not in itself functionally involved in phenotype determination, but its alleles are in linkage disequilibrium with alleles at a locus in the vicinity that is truly responsible for the pathogenic effect in SLE. The fact that all three studies did find association with this locus, however, strengthens the hypothesis of a true genetic association with a disease susceptibility locus in the vicinity, mediated by different variants in different populations.
We have found no evidence for an association between þ 49 exon 1 variants and SLE. Because of its possible functional relevance, a number of previous studies have tested this polymorphism for association with several autoimmune disorders and specifically with SLE, with negative 9 -12 and positive results. 13 -15 Meta-analysis of published studies is a powerful tool to summarize oftenconflicting results of separate analysis, estimating an overall effect of a particular locus in the phenotype studied. It is important, however, that the statistical method used allows the pooling of individual statistical estimates while taking into account the sample variability between studies.
Using the Mantel -Haenszel method, 22 which allows both fixed-and random-effects models of sample heterogeneity, meta-analysis yielded a significant difference in risk between the two exon 1 alleles in SLE patients. The genetic variation at a polymorphic marker in the 3 0 region of CTLA4 and mRNA levels of a soluble CTLA-4 form (sCTLA-4) generated by alternative splicing, in healthy individuals. These authors also report the association of a susceptibility variant to Graves disease with decreased levels of sCTLA-4, and suggest that in this region lies a locus determining the efficiency of splicing and production of sCTLA-4, and autoimmune disease susceptibility. However, the inverse correlation was found in studies of patients with autoimmune thyroid disease and SLE, 29, 30 with increased sCTLA protein and mRNA levels associated with these disorders. An hypothesis to explain these conflicting findings is that the soluble form of CTLA-4 may play a dual role in the immune response: it can bind B7 on APCs and prevent B7/CD28-mediated costimulation of T-cell activation but it can also interfere with B7/CTLA-4 interaction and consequently block the negative signal to T cells. 29, 30 It is therefore plausible that the effects of CTLA-4 in autoimmunity are mediated not only by the membrane-bound form, but also by an additional mechanism involving the soluble form of CTLA-4, which originates from alternative splicing of the gene. The genotype/ phenotype correlations proposed for either mechanism have been established in healthy individuals, and showed that common allelic variants may, in combination with particular genetic and/or environmental factors, become risk factors for complex disorders. 28 While our results provide further evidence for the involvement of the CTLA4 gene in the etiology of SLE, in subsequent studies levels of soluble and membrane-bound CTLA4 mRNA expression, and the trafficking of CTLA-4 to the cell surface upon stimulation, must be assessed directly in a population of SLE patients, and correlated with CTLA4 genotypes. We will then be able to further clarify the contribution of either mechanism and the role of CTLA4 genetic variants in SLE susceptibility.
